Many countries are experiencing rapidly increasing distributed generation (DG) of renewable energy sources (RES). Electricity self-consumption is currently replacing feed-in-tariffs (FIT) as one main driver of this development. A prosumer, who is a consumer and producer of energy through his own DG, like photovoltaic (PV), can save costs through the self-consumption of his PV energy. The attractiveness of this business case is mainly based on the decreasing levelized cost of energy (LCOE) of PV systems as well as the difference between the decreasing FIT and the increasing costs of electricity consumption from the public grid. Utilizing local energy storages like batteries or power-to-heat (PtH) can increase both self-consumption and earnings. Noticing this tendency, electricity suppliers and industrial manufacturers offer new business models, in which small local storages of prosumers can be substituted with district storages or even virtual storages.
INTRODUCTION
To compensate the shutdown of conventional plants, which is necessary to achieve the upcoming aim of the German government of reducing greenhouse gases [1] , PV systems as well as other DG should be further installed. The German government has offered FIT for PV systems to support their installation. To finance the FIT, levy were added to the electricity consumption tariff. Currently, the FIT is reduced year by year by the government to limit the cost burden on levy payers. Consequently, the business case of PV-selfconsumption in combination with energy storage or controllable loads like PtH has been attractive for prosumers in Germany, as well as in other countries, especially when taking into consideration the decreasing FIT as well as the financing programs and subsidies offered by the government e.g. [2] . Accordingly, more than 50,000 PV-storage systems were installed in Germany until the end of 2016 [3] . Considering the investment cost reduction of such systems, this number has been doubled until the end of the summer of 2018 [4] . Similarly, electrical heating systems have been installed increasingly during the past years [5] , [6] . Noticing the high installation numbers of home battery storages, electricity suppliers and industrial manufacturers offer new business models, in which small home storages of prosumers can be substituted with central district storages or even virtual storages. On the other hand, an aim of grid operators is to control the consumption and feed-in of prosumers based on the surrounding grid conditions, like voltage and loading of grid components, in order to increase grid resilience (e.g. [7] , [8] ). Through self-consumption, energy can be supplied quite close to the consumption. In other words, self-consumption has the potential to stabilize the system and reduce also transmission costs because of the close balancing of load and generation [9] .
Post FIT scenarios deliver a number of arguments that are relevant for self-consumption. This paper will focus on selfconsumption of PV systems under current regulations and also for post FIT conditions. Therefore, home battery storages (HBS) as well as other alternatives for maximizing selfconsumption will be analysed based on their economic effectiveness and impact on the grid. This paper is structured in four sections. Section I presents a background to the topic based on the regulatory framework and a literature review. Section II describes the approaches followed to perform the analysis of this contribution. Section III shows the results of the performed simulations, whereas sections IV and V focusses on the conclusions and the outlook.
A. Regulatory Framework in Germany
Self-consumption is a major focus point of the German "Energiewende" (transformation of the energy system). Especially in the industry and various business sectors, selfconsumption has been a common method to stabilize energy costs and increase independency for many years. The private sector increases self-consumption on the basis of the privilege for self-consumption defined in the German Renewable Energy Law (EEG) 2014 [10] . Self-consumption in Germany works under specific regulatory conditions. PV systems with a nominal power lower than 10 kWp are nearly free of taxes and free of fees, levies and grid charges. This makes the use of the electricity of PV systems in self-consumption interesting under economic aspects. Autarky and independency is also an important reason to conduct self-consumption for the private sector [11] . However, these aspects are hard to quantify economically and will therefore be neglected in this paper.
B. Home Storages as Flexibility for Renewable Energy
In an ongoing transformation process of the energy system, flexibility is getting more and more important. Flexibility is one of the most important answers to tackle volatility. The increasing number of decentral volatile electrical generation systems makes it necessary to activate an increasing number of flexible load systems. The most popular technologies in Germany today are PtH and HBS. However, the prosumer is part of the public grid and also is in need of it for a reliable electrical supply at any time. The potential flexibility of PtH and HBS have to gain a higher value for the surrounding electrical grid and allow, also under economic conditions, a more social operation of the prosumer flexibility. There are e.g. minimal incentives for prosumers to do peak load shaving in the current regulation of the German government. The factor "energy per year" is still the most important one in the private sector [10] .
C. State of the Art
Due to their importance for the future energy system, PV systems combined with HBS are investigated in numerous studies, which are published in various papers. Good profitability of such systems is essential, since it presents the main motivation for their installations. Several papers showed that the HBS systems do not show such a high profitability due to their high investment costs. Since the prices are expected to decrease continuously in the future, several authors expected that such systems will be profitable in the near future, e.g. [12] , [13] . District battery storages are also discussed in several papers showing their technical advantages and possible use cases, but they also showed that DBS systems are not profitable [14] , [15] . In order to improve the utilization and feasibility of storages, several authors discussed different use cases other than self-consumption, e.g. [16] , [8] and [17] . Considering the low profitability of physical storages, new business models are developed in the market including cloud storages, e.g. [18] . In the German market, several business models based on cloud storages are already being offered, e.g. [19] . PtH systems have been under the focus of several papers. For example, [7] demonstrated a good technical and economic potential for grid support through PtH systems. Considering the variability of available models in the market and the numerous factors affecting their profitability, there is still a need for an economic comparison of these models. Grid impact should be also analysed, since it is important for grid operation. This contribution will analyse the effect of the investigated battery storage models on the distribution grid based on a grid simulation of a real test area, which is a village near Ulm.
II. METHODOLOGY
This section describes the investigated business models, analysis approaches and assumptions followed to perform the study of this contribution.
A. Business Models:
This contribution presents an analysis of several business models at prosumer level which aims at increasing the selfconsumption of their PV systems. The following business models have been designed based on the German electricity market.
1) PV system:
This is the reference model, which other storage models will be compared with in this contribution. The business case here depends on the avoided costs of electrical energy through self-consumption as well as the income through FIT when feeding the excessive energy in the grid. For the economic analysis, several sizes of PV systems will be considered. Based on an analysis of 2800 PV systems in the grid area of Ulm, the average size of PV systems at normal customer level is found to be 5.78 kWp, hence 6 kWp will be assumed as the main size under focus in the analysis.
2) Home battery storage (HBS) combined with a PV system: This represents a small storage as flexible load and generation aiming at increasing the prosumer selfconsumption. Usually HBS are installed in the property of prosumers who are also responsible for its operation. Therefore, the prosumers undertake the capital and operation expenditures (CAPEX and OPEX). OPEX includes the maintenance costs and battery losses. The cost flows of this business model is illustrated in Fig. 1 .
3) Power-to-heat (PtH) combined with a PV system and possibly with HBS: The mechanism of PtH consists of an electrical water heating system for space heating and domestic hot water. This represents a controllable load, which offers significant flexibility for self-consumption.
4) District battery storage (DBS):
This represents a large battery system, which can be installed and operated by an electricity supplier or other industrial parties. This storage is operated as an energy bank where prosumers can rent some capacity in order to store their excessive energy and consume it later. The DBS can be installed in the public low voltage (LV) grid close to a local area transformer. In this business model, the service provider undertakes the CAPEX and OPEX of the DBS and receives a monthly rent for a contractual battery capacity.
5) DBS in a private areal grid (DBS-PAG):
This is similar to a DBS model, however, the service provider does not pay for grid fees and taxes that apply for a public grid. It is assumed that costs for the prosumer in this model are similar to the costs of DBS, as it is offered by the same service provider, and in order to be able to compare the two models when they have a similar income. 6) Virtual district battery storage (DBS-cloud): which does not include any physical storage but rather a virtual one that leads to similar cost flows between the involved parties. Therefore, the energy flows in this model are similar to the case of no storage, while the energy stored virtually in the storage is sold in the energy market. This is a product offered by several energy supplier and other industrial manufacturers in Germany (e.g. [19] ), since it can yield some earnings for the service provider. While the prosumers do not have to buy a storage system and reserve a suitable room for it. It is assumed that costs for the prosumer in this model as well are similar to the costs of DBS, as it is offered by the same service provider.
B. Modelling and Assumptions of Economic Analysis
In a first step, the business models described in the previous subsection are compared economically. The economical comparison is mainly based on the investment costs, avoided costs through self-consumption and the income from FIT. For the calculation of the yearly amounts of the consumed energy from grid, energy consumed from the PV system, energy consumed from the analysed model (e.g. HBS), fed-in energy in the grid and energy fed in the storage, a tool to analyse yearly profiles with the resolution of 15 minutes is developed. The database for this analysis is prepared in cooperation with the local municipal operator (SWU) in order to obtain a database close to reality. In the calculation, different assumptions and limitations for the considered models in this contribution are supposed. The believed economic assumptions for the calculation and approaches for modelling are summarized hereinafter.
-
Economical comparison method:
For the investigation of the feasibility of the involved alternative models, the net present value (NPV) comparison method is chosen in this contribution. The NPV of each model is calculated as described hereinafter.
Where is the number of year is the lifetime of the project, which is assumed to be 20 years in this contribution.
is the present worth factor of the year, which can be calculated as follows.
(weighted average cost of capital) are the assumed capital cost of the private investors in DG (i.e. PV) is the yearly incomes, including the avoided costs of heat and electrical energy through self-consumption and the gain through FIT.
is the yearly cost of heat and electrical energy for the case of neither PV nor self-consumption model is installed. + is the yearly energy cost for the case of a PV and possibly a self-consumption model is installed.
is the income through FIT
is the yearly cost of heat is the yearly cost of electrical energy is the cost of energy losses in a HBS (i.e. only for HBS models)
is the cost of energy self-consumption from the PV or the self-consumption model (e.g. HBS)
is the yearly costs including CAPEX and OPEX of the systems (i.e. PV and the self-consumption business model), depreciation cost (linear), yearly credit repayment, interest of the credit, etc.
is the yearly depreciation costs (assumed to be linear).
is the yearly sum of credit repayment is the yearly interest for the rest of credit
The general economic assumptions, which are necessary to calculate the NPV, are listed in TABLE I. -PV: In this contribution, the PV systems are economically represented by the values in TABLE II. The feed-in tariff is regulated by the German law (i.e. EEG [10] ). The value in this table is for PV systems with a nominal module power lower than 10 kWp and applies for February 2019. The FIT is decreasing in monthly intervals, but it will be fixed for the tariff at the date of installation [10] . The economic value of the energy from PV is published by the German transmission grid operators and describes the value at the energy market where electrical energy is common traded. -HBS: Based on an analysis of all battery systems in the area of Ulm including 133 battery systems, an average mean nominal power of 4.68 kW and a mean capacity of 7.45 kWh are calculated. However, the analysed systems are not only valid for domestic prosumers but also include large battery systems of some businesses for the private sector. The HBS model starts charging if PV surplus power is available after balancing PV generation (-) and household load (+). A schematic illustration of the HBS model is depicted in Fig. 2 . It is assumed for the economic analysis that the nominal power of the HBS is high enough, so that the charging power of the battery is only limited by the availability of PV feed-in. -
HBS including governmental subsidy: The HBS started in Germany many years ago in the household sector, because the government launched also several subsidy programs e.g. [2] . The feasibility of the HBS models is investigated in this contribution, considering no subsidy as well as considering a subsidy program.
The cost assumptions that represent a common HBS system are listed in TABLE III. System 1 in the table means the present installation of HBS, whereas System 2 represents the second installation after the first system is depreciated. The lifetime of a battery is dependent mainly on the number of charge cycles, so that the higher number of cycles per year means a lower lifetime. Some exemplary analyses of the developed model of HBS are performed and show that less than 300 cycles per year are expected. This number can increase if the simulations have a higher resolution. In addition, the lifetime batteries can be affected by other factors (e.g. temperature), which are not considered in this contribution. For simplification, a lifetime of 10 years is assumed in this contribution for HBS and DBS. 
DBS:
The CAPEX per kWh is significantly lower at DBS compared to HBS. This is an advantage of the DBS for the operator. And for the prosumer, the rent of a specific capacity in the DBS is an important economic factor. This model is relatively easy to be implemented by the prosumers since it does not require CAPEX, and thus reduces the economic risk for the prosumers. A disadvantage of DBS compared to HBS is that the public grid is always involved to deliver the electrical energy to the households and this fact heightens taxes, fees and levies on the business case on top and as a consequence reduces the advantage of the lower invest costs for the service provider. Cost assumptions related to DBS are listed in TABLE IV. The amount of 10 €/kWh/month is assumed for this analysis based on discussion with the SWU. The energy flows between systems in this business model are theoretically similar to the ones presented in Fig. 3 . However, since the self-consumed energy flows through the public grid, grid fees and other taxes are due. These taxes are assumed to be paid by the service provider, since they are not supposed to be paid directly by the prosumers in an equivalent HBS system.
DBS in a private distribution areal grid (DAG):
If the DBS is installed in a private grid, which belongs to the private sector, taxes and grid fees are not due. Therefore higher profitability is expected for the DBS operator with this model (i.e. service provider). In the economic analysis of this contribution, the service operator must pay 0.0679 €/kWh for the energy withdrawal from the DBS-DAG whereas he must pay 0.2037 €/kWh for the energy withdrawal from the DBS. -
DBS-cloud:
The owner of this model (i.e. service provider) does not have to buy a DBS system, which means he does not undertake high CAPEX or OPEX. It is assumed that 200 €/prosumer are paid by the service provider to cover the software and personal costs of this model. The energy inserted in the virtual HBS will be sold according to FIT, while the energy withdrawn from the virtual DBS will be actually withdrawn from the grid for the normal electricity tariff. In addition, the service provider offers this service for the rent of 10 €/kWh/month.
-
Electrical load: The load profile utilized for the economic analysis is based on a standard household profile for the year 2017 (data from the SWU). The standard load profile is then scaled based on the annual consumption of 3207 kWh [23] . The German electrical price for the private sector is strongly influenced by the government. More than 50% of the price consists of taxes, levies and fees. The self-consumption use case gains advantage for the prosumer at these costs. Therefore it is also important to look at these issue in order to evaluate the costs of the different systems and approaches. It should be taken into consideration that self-consumed electrical energy is taxed by the value added tax (VAT). In addition, the prices of CAPEX presented in this contribution do not include VAT. The average price per kWh in the year 2014 was 29,53ct/kWh, which is one of the highest prices in the European Union [24] . To create realistic results, and to compare them as close as possible to the real situation of a prosumer in the city of Ulm, tariffs of the SWU are used. It should be taken into account that each invoice for the consumption of electrical or heat energy has basic fees for the energy supplier. These fees are not considered in this contribution since they apply for all models and thus do not affect the economic comparison. The assumed electrical energy prices are listed in TABLE V. -PtH: This is designed based on the technical conditions of a product (EGO -Smart Heater [25] ) that is commonly available on the market for solar electrical heating systems. These PtH systems provide a maximum power of 3.5 kW and can be operated between 0 and 3.5 kW in 0.5 kW steps. It has to be considered that the PtH system cannot randomly operate. There are break times between start and stop orders which have to be respected during operation.
However, these break times can be neglected, because they are much shorter (i.e. 110 s to 230 s) than the 15 minute resolution assumed for the analysis of this contribution. The model to calculate the actual power of the PtH considers the iterative operation of the system in 0.5 kW. In addition, the calculation of daily heat demand of the prosumer is described in a next step. The PtH starts heating if PV surplus power is available after balancing PV generation (-) and household load (+). A schematic illustration of the PtH model is depicted in Fig. 4 . The combination between PtH and HBS: This is also considered as a business model in this contribution. Before the modelling of this combined model, several analyses were conducted in order to define the logic for the battery charge and the heating of the PtH system. The analyses showed a better feasibility when the HBS charges first (fully). Then the electrical energy can be converted to heat. This conclusion is realistic when considering the high costs of electrical energy compared to heat energy. For better understanding of the logic of the aforementioned business models, Fig. 5 depicts the energy flows between systems of this business model for an exemplary day. The CAPEX of the PtH was calculated based on the installed system at Ulm University of Applied Sciences. The CAPEX includes the costs for investment and a common price for the installation of the system. It is assumed that the analysed prosumer type already owns a thermal storage and a primary heating system, which both are necessary to provide the space heating and the domestic hot water. Therefore, the costs for both of them is not considered in the CAPEX of the PtH business model. -Heat load: The heat demand depends on the outdoor air temperature. Therefore, a Sigmoid calculation approach for the load profile is utilized. In this contribution, the standard load profile of gas is used to calculate the daily energy values of heat demand [26] . This assumption is suitable because gas is used in the household sector only to provide heat for space heating and domestic hot water. The shape of the Sigmoid function relates to the physical behaviour of the building, characterized by the dependencies of the energy consumption from the outdoor conditions (convection, conduction through the walls and air infiltration). For the air temperature, the test reference year (TRY) from the German weather service is used, and then average values per day are calculated ( ) [27] . The following equations describe the calculation approach: 
: Annual energy consumption Equation for daily heat energy consumption ( ( ) ):
-Heat and gas price: The gas price is not affected so severely by taxes, levies and fees compared to the electrical energy prices, so they sum up at approximately 25%. This unbalance on energy sectors is a difficulty to empower business use cases in the field of hybrid energy approaches. Self-consumption gains no advantage on the heating (gas) sector currently [29] . Gas is one of the most common fuels to generate heat in the private sector in Germany. Therefore, the gas price is used to assume the costs for heat, which includes space heating and domestic hot water. To generate a regional character, the tariffs of the SWU are used. The price consists of two points: a basis and an energy price. This calculation was also used for a common demand of one year at the analysed area (14,356 kWh/a). It results in a price of 0.075€/kWh for the standard tariff of the SWU [30] .
Metering: Prosumers must pay for the corresponding metering system, which is necessary to record the energy feedin as well as consumption. For the DBS model, the maximum limit for this cost as defined by the government is assumed [31] . The assumed metering costs are listed in TABLE VII. -Assumptions regarding post FIT scenario: The economic analysis considers the current situation based on PV and load profiles of the year 2017. In addition, a future scenario, after a possible inactivation of the FIT, considering the CAPEX values and energy prices of the year 2025, is analysed in this contribution. The income through grid feedin is calculated based on the day-ahead market prices of the year 2017, which were provided by the SWU. The prices have the resolution of one hour. To represent the year 2025, the prices are scaled so that the average price is 0.05 €/kWh, according to [32] . However, it is assumed that the simulated model does not feed-in when the market price has a negative value, but it curtails the feed-in instead. The electricity tariff is assumed to increase at the same level of inflation rate [12] . The CAPEX of the PtH for the year 2025 is based on a reduced price, which is offered by the manufacturer for a high quantity.
The costs for PtH installation are assumed not to change in this contribution. For the heat price an increase is assumed based on a similar analysis of the one in [33] . The cost assumptions for the post FIT scenario are listed in TABLE VIII. 
C. Modelling and Assumptions of Grid Impact Analysis
The business models of this contribution are based on cost flows between the involved parties, which are based on the costs of different energy flows as well as required taxes. An example of the energy flows in a HBS system combined with a PV system is depicted in Fig. 1 . Additionally to the economic analysis, the increased self-consumption through storages will be investigated from the perspective of grid impact based on grid simulations. The setups and assumptions for the simulations are summarized hereinafter.
-
Simulation setup: A quasi-dynamic simulation by means of the software PowerFactory is performed, considering the time resolution of 15 minutes [35] .
Simulated scenarios: Based on the availability of data, the simulation is based on the year 2015. Four exemplary days with high irradiation, corresponding to four seasons are simulated in this contribution (i.e. summer: 02.07.2015, winter: 26.02.2015, autumn: 09.09.2015, spring: 18.05.2015).
Simulated grid: For this analysis, a real low voltage (LV) grid data from a test area near Ulm (i.e. Hittistetten) are utilized. The grid is supplied through southern and northern local area LV-transformers [36] .
Load profiles: A standard household load profile provided by the SWU is utilized for the simulation of households in the grid. Also, standard business load profiles from the SWU are utilized to simulate the corresponding business loads in the grid. The profile of each load in the grid is scaled based on the billing information of 2015. The simulated grid includes 218 loads representing mainly households and also few businesses.
PV systems: Measured irradiation profiles from the area of Hittistetten are utilized to generate PV feed-in profiles for the simulation. The feed-in profile of each PV is scaled based on the billing information of 2015. The simulated grid includes 46 PV systems.
-HBS: For each household or business having one or more PV systems a HBS system is installed (i.e. modelled) to show their impact on the grid. The optimal dimensioning of HBS is out of the scope of this contribution. As a simplification, it is assumed that the HBS capacity in kWh is equal to the kWp of the combined PV systems [31] .
-DBS: For the simulation with a DBS, large storage is installed in the southern substation and connected to the LV side of the southern local area transformer. The energy flow of this transformer is equivalent to accumulated energy flows of all HBS systems described in the previous point.
Simulated models: Three simulation cases are considered in this contribution to simulate these models;
 Only PV in the grid (i.e. not combined with storages)  PV combined with HBS systems (i.e. HBS for each household or business having one or more PV systems)
 PV systems combined with one DBS system, which substitutes all HBS systems of the previous model.
From the grid point of view, the DBS and DBS-PAG are similar since they have the same energy flows. In addition, the simulation of only PV systems is similar to the case when the prosumers substitute their HBS systems with a DBS-cloud model, because the cloud does not affect the energy flows in the grid. A grid simulation with PtH systems is not considered and should be performed in future contributions.
III. RESULTS

A. Economic Analysis -Feasibility of HBS compared to only PV
To compare the business models economically, their NPV is calculated according to the aforementioned assumptions and illustrated as can be seen in Fig. 6 . The results show that the PV model is more profitable without HBS than is the case when it is combined with HBS. Even when considering the exemplary subsidy program [1] , the HBS model is less profitable. The increasing installation of PV-HBS systems in Germany can be justified by the desire of prosumers to have higher self-sufficiency or beyond that by other social reasons. Fig. 6 . Net present values for three business models for prosumers, corresponding to four battery sizes, considering the PV size of 6 kWp -
Comparison of self-consumption business models
Four business models to increase the prosumer´s selfconsumption of PV energy are compared. The NPV of these models are calculated and depicted in Fig. 7 . The results show that HBS can be profitable for small systems (e.g. 2 kWh), however, they are not practical for larger systems (i.e. negative NPV). This can be explained by the high CAPEX compared to the income occurring through the increased selfconsumption. In addition, HBS systems show a better feasibility than the DBS and HBS+PtH based on the assumed prices. PtH systems do not proof as cost-efficient compared to the other models, which can be anticipated, since the heat energy price is lower than the FIT. To analyse the profitability of DBS by electricity suppliers or other industrial service providers, three DBS models are compared in this contribution. The NPV of these models are calculated and illustrated in Fig. 8 . The results show that physical DBS systems are not implementable as products because of their high CAPEX as well as because of the regulatory framework, which leads to several taxes, levies and fees for the DBS energy flows. Also, DBS-PAG systems can yield only slight profit, but their applicability is limited to private grids. On the other hand, cloud DBS are profitable as products, since they have a low CAPEX. Although cloud products are not cost-efficient for prosumers, they are already sold in the German market, which can be justified, as stated before, by the desire of the prosumer to have higher selfsufficiency or because of other services which are offered in combination with these products. Fig. 8 . Net present values for three business models for service provider, corresponding to four battery sizes, considering the PV size of 6 kWp -
Post FIT scenario: Comparison of self-consumption business models
Considering the aforementioned post FIT scenario, four business models are compared. The NPV of these models are calculated and illustrated in Fig. 9 . It can be concluded that the HBS might be more profitable than only PV systems for small sizes of HBS (i.e. 2 kWh). Larger HBS systems are not cost-efficient compared to only PV systems because of their high CAPEX. PtH and HBS+PtH systems are not as profitable compared to the other models, since the assumed heat price is not much higher than the feedin prices in the energy market. Hence the income via the increased self-consumption cannot compensate the CAPEX of the PtH systems. At this point, it is also indicated that the heat price includes much lower taxes, levies and fees compared to the electrical price for consumers. This fact leads to a low economic efficiency of PtH compared to storages. In addition, the heat demand is high in winter when the PV feed-in in Germany is low, which leads to slight increases of selfconsumption.
Further results: different PV sizes
For a comprehensive analysis, the self-consumption business models are compared considering several sizes of PV systems (i.e. from 2 till 10 kWp). However, the findings obtained from this comparison are similar to the ones presented in the previous sections (i.e. PV size of 6 kWp).
B. Grid Impact Analysis
The effects of HBS and DBS systems on the grid operation are estimated in this contribution based on grid simulations. The analysed effects include effects on voltage, loading of a local area transformer and loading of lines. The analysis is conducted utilizing real grid data of an LV grid (Hittistetten) close to the city of Ulm in cooperation with the SWU.
Impact on voltage
The maximum and minimum voltage in the grid obtained through the simulation of only PV systems as well as combined with HBS systems or a DBS system are depicted in Fig. 10 . It can be illustrated that the voltage deviation in the grid lies within the tolerance band of 3%. The simulation of HBS systems shows a possible reduction of the max. voltage, especially in the first half of sunny hours. This is a result of the local withdrawal of the PV feed-in when HBS systems charge. After most HBS have charged completely, the voltage reduction is very slight. On the other hand, the voltage in the simulation of a DBS is similar to the case of only PV systems, since the DBS do not affect the energy flows within grid lines. Fig. 10 -Impact on transformer loading
The power flows that run through the southern transformer of the simulated grid in the aforementioned three simulation cases are depicted in Fig. 11 . It can be seen that the power flows can be reduced through the HBS systems by the increased self-consumption, especially in the first half of the sunny hours because of the charge of the HBS systems. The power flow curve is shifted even further when simulating the DBS system. This is because it is installed at the southern transformer station, while it substitutes the HBS systems that belong to both southern and northern parts of the test area. However, the reduction of power flow and the corresponding relief for the transformer is not predictable, since it is dependent on the state of charge of the HBS systems. -Impact on grid components loading The differences between the max. loading in the grid when simulating only PV systems and loading when simulating them combined with HBS are depicted as boxplots in Fig. 12 . Since the DBS system does not affect the energy flows within the grid, it also does not have an effect on the grid components loading, hence the results of this case are not considered in Fig. 12 . It can be seen that the HBS systems can reduce the max. loading at some times, but they might as well increase it in other times. This is because of the reduction of loading through self-consumption, especially when the HBS systems are in the charging mode. Therefore the reduction in winter is higher, since the HBS systems need more time to be fully charged. In general, HBS systems do not lead to a stable and reliable reduction of loading, when they are operated only to maximize the self-consumption.
IV. CONCLUSIONS
This contribution analyses the profitability of several business models which aim to increase the self-consumption of PV systems at prosumer level. In addition, the impact of HBS and DBS on the grid is analysed based on simulations of a real grid in a test area near Ulm.
The economic analysis, considering the cost assumptions made in this contribution, shows that HBS, DBS, PtH and HBS combined with PtH are not economically attractive when compared to the case when only a PV system is installed. The reason for the low profitability is their high CAPEX compared to the returns through the increased self-consumption. Governmental subsidy programs can improve the profitability of HBS system, nevertheless a pure PV system is more profitable. Apart from that, offering DBS systems as products by service providers does not show good profitability because of the current regulatory framework, which leads to several taxes, levies and fees for the DBS energy flows. Although the installation of PV-HBS systems in Germany is not profitable currently, they are installed increasingly. This can be explained by the desire of the prosumers to have higher selfsufficiency, consuming green energy or by other social reasons. PtH systems are currently not profitable compared to other models, as can be anticipated, since the assumed heat price is lower than the assumed feed-in tariff. Furthermore, the VAT paid by prosumers for self-consumed energy plays a negative role for the profitability of all analysed models.
A future scenario of post FIT is also simulated in this contribution. The results show that the HBS systems might be more cost-efficient than only PV systems, especially when these systems are optimally dimensioned. PtH systems are also not profitable in this scenario compared to the other models, since the assumed heat price is much lower than the assumed price for excess PV-electricity.
The grid impact analysis examined in this article shows that the local withdrawal of the PV feed-in through the charge of HBS systems can lead to a slight voltage reduction. This applies mainly to the first half of the sunny hours because of the charge of the HBS systems at this time. Additionally, the voltage in the simulation with a DBS is similar to the case of only PV systems, since the DBS do not affect the energy flows within the grid lines. In addition, the power flows on the analysed local area transformer as well as the grid lines can be reduced through the HBS systems, especially in the first half of the sunny hours, whereas DBS has a minor effect. In general, HBS systems do not lead to a stable and reliable reduction of loading or voltage, when they are only operated for maximizing the self-consumption. If the grid support is a target of these systems, they should have other control mechanisms than the one assumed in this contribution.
V. OUTLOOK
To have a better profitability of the self-consumption business models, new business models should be developed in the market. These should include additional battery use cases next to self-consumption, such as grid support or the participation in the balancing market. Such a combination of use cases can increase the feasibility and lead to several profitable business models for both prosumers and service providers. In future contributions, further technologies will be considered in more detail with respect to the economic and grid operation analysis. This includes multi-functional storages systems, PtH, electro-mobility on prosumer level as well as public charging stations.
For a future renewable energy system, batteries are quite important as they offer flexibility. Therefore, the regulatory framework must be adapted to reduce constraints using batteries for more than one use case to increase the profitability of business models. This could avoid further subsidy programs for the flexibility needed in a pure renewable future.
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